Background. Acrylic resins used in restorative dentistry are the most popular denture base material, because they have good optical properties and small solubility in body fluids. However their mechanical properties are limited and therefore acrylic resins require different methods of reinforcement one of which can be application of different kinds of fibers. Objectives. To investigate the effect of various fibers on the flexural properties of hot curing acrylic resins after it was broken and reconnected with cold curing material reinforced with polyethylene and glass fibers.Material and Methods. Villacryl H Plus hot curing material after curing was broken and reinforced with various unidirectional fibers to improve its resistance. The fibers' surface was pretreated with methyl methacrylate solution. Control specimens did not contain reinforced fiber. Flexural properties of reinforced acrylic resins (AFRAR) were determined in dry condition after 24 hours at 23ºC and after 28 days water immersion at 37ºC. The test was performed by a three -point bending test using Instron type 4411 tensile testing machine.Results. Flexural resistance of fiber reinforced with acrylic resin (FRAR) increased after using fiber bundle in the sample. After 28 days of water immersion polyethylene fibers had better flexural properties compared to glass fibers. It could be connected with better polyethylene resistance in water conditions. Conclusions. Unidirectional polyethylene and glass fibers, are good application in restorative dentistry and the mechanical properties of hot curing acrylic resin increase after repairing process with cold curing resin.
Introduction
Dental prostheses are on second place in different appliances that are most frequently used by elderly population, just after glasses. It is connected with the number of elderly people (60 and more years old) increasing within the population. Today dental prostheses are predominantly made of methyl methacrylate polymer which has proven to be the most reliable denture base material with biocompatibility, easy handling process, good resistance to food and organic fluid, and natural appearance. This kind of process was introduced almost 70 years ago, and it is still very popular because operate with gypsum form which can be filled with acrylic dough is easy to operate with [1, 2] .
Despite many advantages, poly(methyl methacrylate) has very poor mechanical resistance (flexural strength, impact resistance). In some clinical cases denture are breaking down very easily and it is necessary to repair them with cold curing polymers. This repair deteriorates in strength over a short period of time and so reduces the clinical performance of the prosthesis. This kinds of polymer are different in there chemical and physical properties in comparison with the hot curing.
In the literature there is a lot of articles about repairing processes with cold curing acrylic resins. All the results show that performance of a new bond between cold curing resins and hot curing resins is weaker in flexural resistance than original hot curing materials. Off course this depends on the curing cycle (temperature, pressure, geometric factors), but the bond nevertheless has between 46-67% of strength compared with the intact specimens [3, 4, 5] .
There are some alternatives to improve mechanical properties of acrylic resins, one of them are different kind of fibers: glass, aramid, polyethylene, carbon [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Today the most acceptable fibers for dental polymer reinforcements are glass fibers, because of their good aesthetics and good bonding with polymers via silane coupling agents. Also, they can easily be adapted to the desired shape and length which is then suitable for incorporation into denture base of polymer material [1, 2, 7, [10] [11] [12] . The second possibility are the polyethylene fibers with surface modified by cold plasma. This kind of process with very high temperature can also change the surface of polyethylene [2, 5, 7] . After such process this kind of material is ready for wetting and bonding with acrylic resins. Moreover, results of scientists who made investigations with fibers, indicate improvement of acrylic resins [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
In scientific literature (Pub Med) it is possible to find an article about acrylic resins that after breaking was repaired with cold curing resin strengthened by incorporation of polyethylene fibers. This paper described the clinical situation without mechanical tests [13] .
Aim of the Study
The main goal of this study was the assessment of flexural strength of dental hot curing base polymers, reinforced after breaking with polyethylene, and silane pre-impregnated glass fibers.
Materials and Methods

Materials
Test specimens were made of hot curing resins (Villacryl H Plus Zhermapol) in two phases:
• Glass fibers were washed in hot water and silanisated with γ-metacryloxypropyl-trimethoxysilane (Sigma-Aldrich Co., St. Louis, MO, USA). The fibers' mechanical and physical properties according to the manufacturers were: 18 µm diameter, bundles 2 mm bright, and 0.2mm tick.
Preparation of the Specimens for Study of Mechanical Properties
Preparation of Hot curing Samples
Tests specimens with dimensions 3.3±0.1, 10.0±0.1 and 65.0±0.1mm were prepared in stainless steel molds [14] . In separate glass container 15g of Villacryl H Plus (hot curing AR) was mixed with 6g methacrylic monomer using electronic balance. After 15 minutes each mold was filled with the acrylic dough. The forms with acrylic resins were covered on both sides with two metal slabs, and put in to the press (Zhermack). Pressing process took 10 minutes, and after that time molds were screwed in to the metal frame and put in to the hot water (60 o C). Polymerization process was made according to manufacture instruction (30 minutes 60-100 o C, 30 minutes in boiling water). After slowly cooling, at room temperature frame was opened and acrylic specimens were taken off. For the experiments 96 plates of resin were prepared. Each specimen was broken down in the middle of his length with the joint ends rounded off as this type of joint preparation has been shown to provide the strongest repair. For each repair specimen, an index was made by making an open-ended stone mold that allowed the repair ends to be moved providing a 2mm gap between them. The gap was necessary for the cold curing resin [15] .
At the end of the samples' surface a rectangular gap was cut with metal bur and micromotore (Zhermack) (Fig.1) . 
Preparation of Glass Fibers
The 0.5% γ-metacryloxypropyl-trimethoxysilane solution was prepared with mixing 0.5g silane, 99.5g of isopropanol and 0.5g of acetic acid. One meter of glass fibers was put into such solution, and mixture was stirred for 3 hours in 23 o C. After that the fibers were washed with distilled water to removed access of silane and dried in oven in 60 o C for 12 hours. Storage in elevated temperature was necessary for finishing silanization process.
Preparation Samples with Fibers
All samples prepared according point 1. For each groups (from A to G) 12 samples were prepared and divided into two groups. A half of the samples (6 samples) in each group were stored in a water-bath at 37±1ºC for 28 days, and the other half was kept at air 23ºC±1ºC and humidity 50% for 24 hours.
Flexural Properties of Methacrylic Polymer Reinforced with Different Kind of Fibers
Flexural properties of dry and wet specimens were determined using a three -point bending test with Instron 4411 testing machine H 2097 (Instron Corp., Anglia)) and Series IX Automated Materials Testing System Version 5.34.00 (a computer program). The three-point bending test was carried out by water immersion in temperature of 37±1ºC. The specimens were bent in a three -point transverse testing rig with 50mm between the two supports and with a constant cross head speed of 5.0 mm/min [14] . The ultimate transverse strength (S) was calculated from (1):
where 'F' is the applied load (N) at the highest point of the load -deflection curve, 'L' is the span length (50.0mm), 'b' is the measured width of the test specimen, and 'h' is the measured thickness of the test specimen. The dimensional measurements were made with digital micrometer Links (Japan), (standard measurement uncertainly 0.01mm).
The flexural modulus (E) was calculated from (2):
E=(l3F)/4bh3d (2) where 'd' is the deflection corresponding to load 'F' at the point in the straight line portion of the trace.
Statistical Analysis
The results of the measurements of ten different groups were investigated by independent sample test T at 95% significance level using a statistical software package (SPSS, Statistical Package for the Social Sciences for Windows, 15.0.1, Chicago, IL USA). 
Results
Ultimate flexural strengths (S) and elastic module (E) of polyethylene fibers inside polymers before and after water immersion are presented in Tables 1 and 3 . The same values for modification of the samples with glass fibers are presented in Tables 2 and 4 . The flexural properties of acrylic resins after breaking were generally improved when fibers were added but their strength was dependent on the position of the fiber inside the sample. An increase in the flexural strength is possible if the fibers are placed in opposite direction to the breaking force [16] .
The best results were obtained with glass fibers wetted with methyl methacrylate. However immersion in water for 28 days slightly decreased the mechanical properties of acrylic resins filled with glass fibers compared to the specimens with polyethylene fibers [17] . 
Material Elastic module
Glass fibers wet with MMA 24 h 3245± 33MPa
Glass fibers wet with MMA 28 days 3124 ± 29MPa
Glass fibers wet with Construct resin 24 h 4532 ± 45MPa
Glass fibers wet with Construct resin 28 days 4351 ± 48MPa
Glass fibers wet with Villacryl ULS 24 h 3376 ± 32MPa
Glass fibers wet with Villacryl ULS 28 days 3124 ± 36MPa Villacryl H 24 h Villacryl H 28 days 1860± 44MPa 1654± 47MPa
Discussion
Denture fractures are common in daily practice, causing inconvenience to a patient and dentists. This means that denture repairs should have adequate strength, dimensional stability and color match, and should be easily and quickly performed as well as being relatively inexpensive [18] .The aim of this study was to evaluate the effect of different kinds fiber used for repair hot curing resins after breaking. A clinical study has shown that a glass fiber reinforced repaired denture and did not allow re-fracture in the same place as the previous repair [2, 19, 20] .
The results of many investigations indicate that the fibers' position inside the sample is very important. If glass fibers bands are cut into short segments they do not have a big effect on improving the mechanical properties. Their flexural resistance however depends on the environmental conditions. Furthermore, increasing the flexural strength is possible if the fibers are in opposite direction to the breaking force.
All the specimens exhibited lower transverse strength with an increase water immersion time, because of plasticizer effect due to uptake of water. Additionally glass fibers have shown a reduction in ultimate flexural strength after long water absorption [2, 11, 18] and approximately a half of the initial value for glass fibers sized with cross linked PMMA and composite materials.
On the other hand glass fiber containing OH groups are covered by silane, which can make them more susceptible to water (silane hydrolization process in water). The poor impregnation of fibers with composite can increase water absorption [20] .
Another way in which resin can be reinforced after breaking are metal wires strengtheners. Kostoulas I. E. suggests that metal wire or glass fiber which is used for reinforcement can restore only the original fracture force at full or half of a length; deflection and toughness remaining significantly lower. Based on this study, it appears that the group reinforced with full lengths of metal wire offered the best potential for reinforcement [21, 22] . The same scientists (I.E Kostoulas, T. Kavoura, M.J. Frangou, G.L. Polyzois) have made another investigation of breaking hot curing resins with glass fibers wetted with MMA during 180 second, or without such process. Their results suggest that wetting process is very important for good adhesion between fibers and resin. Flexural strength without methyl methacrylate soaking was 75.8 ±9.2MPa and after such procedure was124.4±12.5MPa [23] . This result is similar to the one achieved by us since when glass fiber were wetted with MMA flexural strength was 112, 4±4.3MPa. Wetting with MMA could be insufficient if the sample are stored in an open air for too long. Some of methyl methacrylate can evaporate making the surface of resin too dry. In our study when methyl methacrylate was used with urethane acrylate (Villacryl ULS) results improved (136.9± 3.7MPa).
K. K. Narva and P. K. Vallittu made clinical trials of denture reinforced with glass fibers. During the period of 4 months, 88% of denture was in no need for adjustment at the region of partial fiber reinforcement and the clinical condition of the dentures was good. Glass fibers did not irritate the oral mucosa. In case of re-fracture or hairline fracture if positioning of the partial fiber reinforcement was incorrect or the reinforcement had been used incorrectly wetting of the reinforcement with denture base resin proved inadequate [24] .
Standard deviation in flexural properties within groups may partly be attributed to specimen variation. Even if the same laboratory process was followed in preparation of specimens there are several undesirable factors causing specimen variations during preparation such as wetting fiber surface by the polymer and monomers, PMMA penetration between the fibers, micro porosity on the border of fiber and polymer or sizing process. However, differences between specimens can best be explained by placement of fibers.
Conclusions
Unidirectional polyethylene and glass fibers after surface pretreated with methacrylic polyfunctional monomers may find application in restorative dentistry since mechanical properties of acrylic resins increase when used as a denture base material.
